, but also in the rabbit (1, 4, 27) . I n chronic hypertensive rats with varying degrees of hypertension studied in our laboratory, we have been able to verify that the entire baroreceptor range was displaced to the higher blood pressure levels and also that this upward shift closely correlated with the severity of the hypertension (16). In this experiment, no attempt was made to study baroreceptor function during the onset of the hypertension.
In this connection, McCubbin (19) mentions that "resetting occurred to variable degrees and at variables speeds, ranging from being relatively complete to almost entirely absent after 1 to 2 days of hypertension."
The present experiments were designed to further study the baroreceptor firing pattern immediately following the onset of the hypertension and at varying periods thereafter, On account of this we chose a technique for producing severe hypertension more rapidly than by renal artery constriction.
We used the technique of Bezn&k (5), submitting the rats to subdiaphragmatic aortic constriction, which produces an immediate arterial hypertension in the upper half of the body.
METHODS
Male and female adult Wistar rats, weighing from 200 to 250 g were used throughout the study. The procedure for recording neural activity has been described elsewhere (15, 16) . Preliminary experiments had shown that identical values of pressure range for activation of the baroreceptors were obtained when the different nerves that contain the aortic fibers were used, i.e., isolated aortic and sympathetic and recurrent laryngeal nerves; therefore, no special reference will be made in RESULTS to the nerve used each time. At the beginning of the experiment all nerves were dissected free and that which showed the best neural discharge was chosen.
Arterial hypertension in the upper part of the systemic circulation was produced by narrowing the aorta just below the diaphragm, according to the technique described by Bezn&k (5). Instead of a silver ring, a cotton thread was used for producing the constriction of the aorta, the degree of narrowing being limited by a hypodermic needle 0.7 mm in diameter, Immediately before anesthetizing the animals for baroreceptor-discharge recording, direct pressure measurements in the carotid and femoral arteries were performed as previously described (13). Pressure and heart rate measured in quiet unrestrained animals were used as control values. The aorta was perfused in situ with a technique analogous to the one described by Moissejeff for perfusion of the carotid sinus (10) This system allowed precise control of the levels and waveforms of the pulsatile perfusion.
RESULTS
Carotid and femoral pressures after coarctation. Six hours after constricting the aorta the rats exhibited a marked increase in carotid blood pressure. The hypertensive levels persisted up to 7 days at approximately the same values in the different groups of rats. Both systolic and diastolic carotid pressures increased whereas the mean femoral pressure remained within the normal range for unanesthetized rats (13), in spite of the fact that the pulse pressures were markedly reduced. The difference observed between the carotid and femoral artery pressures was similar to that described by Beznak (6).
Reset:ing of the baroreceptors. All the rats of the hypertensive group with aortic constriction of from 3 to 7 days showed consistently an elevation of the threshold pressure at which the baroreceptors ceased to fire. Figure  1 shows a record obtained from a normal rat which had, before anesthetization, a carotid pressure of 150/105 mm Hg and a heart rate of 420 beats/min.
It can be seen that the pressure threshold for disappearance of baroreceptor discharge was 100/75 mm Hg and that the neural firing was still intermittent at 180/130 mm Hg becoming continuous only at systolic/diastolic pressures of 200/150 mm Hg. On the other hand, a hypertensive rat whose records are shown in Fig. 2 had, 7 days after aortic constriction, a carotid pressure of 210/150 mm Hg, a heart rate of 400 beats/min, and a baroreceptor firing threshold elevated to 160/130 mm Hg. In this rat the neural discharge was intermittent at a pressure of 220/ 170, becoming continuous only at 230/180 mm Hg. The marked upward shift of the entire baroreceptor range is evident. Onset of the resetting. In the group of hypertensive rats that was studied three or more days after the aortic constriction, the baroreceptor firing range was always displaced. Therefore, in order to observe the onset and development of the resetting, three groups of 10 hypertensive rats were studied 6, 24, and 48 hr after coarctation. hypertensive rats analyzed 6, 24, and 48 hr after the constriction it was elevated to I 17/91, 127/96, and 140/108 mm Hg, respectively.
If it is assumed that in normal rats the upper limit of the systolic/diastolic pressure threshold for disappearance of baroreceptor activity is 130/100 mm Hg, only 1 out of 10 hypertensive rats with a 6-hr constriction exhibited resetting, whereas in the 24-and 48-hr groups a marked resetting occurred in 4 of 10 of the former and in 9 of 10 of the latter group (Fig. 4) . The progression of the resetting is also indicated by the changes in heart rate. The mean heart rate in the groups with coarctation of 6, 24, and 48 hr duration was 289 A= 59 (2 & SD), 378 A 84, and 425 AZ 55 beats/min, respectively, whereas in the normotensive control group it was 433 & 33 beats/mm. The average normal heart rate measured in a quiet and unrestrained rat is 386 A 53 beats/min (13) and 280 (K j= 2 SD) is the lower limit. Therefore, in the 6-hr constriction group, 5 of 10 animals had heart rates below this limit, In the 24-hr group only one rat had less than 280 beats/min and none of the group constricted for 48 hr showed bradycardia. Aortic perfusion in situ. The determination of the baroreceptor activation range by bleeding and reinjection of blood into the femoral artery has the disadvantage that the pulse pressure amplitude at the hypotensive levels at which baroreceptor firing ceases is usually small and could be a poor stimulus for the receptors.
Therefore, to avoid the possibility that the resetting observed could be due to changes in magnitude and wave shape of the pressure pulses, another series of rats with 5 days of aortic constriction was submitted to aortic perfusion. This method allows the study of the baroreceptors at different levels of steady pressure without changing the form of the pressure pulses. also observed that the pressure threshold values obtained in normal rats by this method were usually lower than when the hypotension was produced by bleeding.
DISCUSSION
Our results indicate that when the blood pressure in the aorta is increased for 6 hr the activity of the baroreceptors of each individual rat is still within the normal limits. Yet, if the mean values for the group are compared with those of the control group, a small early displacement can be detected.
This upward shift of baroreceptor operation is much more evident when the mean pressure thresholds are measured after 24 hr of hypertension, at which time half of the animals had pressure thresholds higher than those i 1 on the short duration of bradycardia in the presence of permanent hypertension was made in dogs by Olmsted and Page (22, 23) . They showed that at the onset of experimental renal hypertension the sharp rise in peripheral re--mm---sistance was accompanied by a decrease in cardiac output and heart rate, which returned to normal l-4 days later, even while the arterial pressure continued to rise. The same --3-m1 was observed in trained dogs during prolonged angiotensin infusion. Ledingham and Cohen (18) also have reported a marked reduction in heart rate of rats in the first few days of rena 1 hypertension.
The heart rate returned to normal between the 5th and 8th days. Alexander and DeCuir (3) showed that in the renal hypertensive rabbit heart rate _ soon resets to normal but the reflex bradycardia produced This interpretation is in agreement with our results which showed that after 24 hr of hypertension half of the rats had their baroreceptor activity reset. In a previous study (16) considered to be normal. The threshold shift progresses with time, and after 48 hr of hypertension in almost all rats the baroreceptors were reset. Apparently, the resetting process reaches its maximum after 2 days of hypertension since no appreciable changes in the upward shift were observed from 2 to 7 days after the coarctation. Another indication of the described sequence of resetting is the marked bradycardia commonly observed in the rats with 6 hr of hypertension, but always absent when the hypertension lasted for 48 hr. Bezn&k (6) also observed the initial bradycardia and reported that this was followed by a period of tachycardia; the latter was not observed in our rats. It should be noted that this author, basing his observations on heart rate and carotid-to-femoral pressure ratio alone, very correctly suggested that the baroreceptors "had become accommodated to existing higher pressure" after the first day of hypertension.
An identical observation
It is generally accepted that the stimulation of the baroreceptors depends ultimately on the degree of stretch and distortion of the arterial wall caused by the intra-arterial pressure. Therefore the contraction, tension, and distensibility of the arterial wall are important factors to be considered when measuring receptor sensitivity (24). Thus many substances, , . including some vasoac tive polypeptides (14), which contract or relax the arterial muscles may modify the activity of baroreceptors (10). Several alterations in the mechanical and chemical properties of arteries have been observed in experimental hypertension (see (8)), and the results of Kezdi (11) suggest that the baroreceptor adaptation is caused by the direct effect of high blood pressure rather than by humoral or other factors. Aars recently showed (2) tha.t in the rabbit alterations in the aortic elasticity are already present after 3-15 days of hypertension, which could explain the elevated threshold and reduced sensi tivity of the baroreceptors.
Much remains to be learned on the relationship of the structura 1 alterations of the arterial walls caused by hypertension to baroreceptor activity. Of great practical importance is whether prolonged antihypertensive therapy that normalizes blood pressure will result in a lower barostat setting (26).
It has been well established that stimulus efficiencv for baroreceptor activation depends on the rate of change of pressure and amplitude of the intra-arterial pressure wave (7, 9, 17, 25 
